Abstract: Aortic pulse wave velocity (PWV) significantly decreased after 16 weeks of moderate-intensity exercise training (walking/jogging) in 17 sedentary middle-aged men, whereas leg PWV did not. These results suggest that Central elastic arteries (e.g., the aorta and carotid artery) have high compliance and take the role of a buffering function damping down the fluctuation in arterial pressure [1] . The loss of this function is associated with future cardiovascular disease [2] . Peripheral arteries (e.g., brachial and femoral arteries) also act as a buffer of pulsatile blood flow at its input and efficiently absorb the energy during the systolic component of pulsatile blood flow, which reduces the energy loss by making the blood flow smoothly [1] .
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It has been reported that moderate-intensity aerobic exercise training can reduce central arterial stiffness in healthy sedentary people [3, 4] , whereas the effects of the exercise training on peripheral arterial stiffness have never been conclusive. Tanaka et al. [4] indicated that arterial stiffness (via pulse-wave velocity [PWV] ) of the upper and lower limbs in well-trained postmenopausal female runners was not different from that in sedentary counterparts. In contrast, Schmidt-Trucksuss et al. [5] indicated that femoral arterial lumen diameter and compliance (via an ultrasound imaging device and simultaneous applanation tonometry) in endurance-trained males were significantly higher than those in age-matched sedentary counterparts.
This discrepancy seems to be derived from differences in the evaluation of arterial stiffness (e.g., PWV or ultrasound imaging) and in the context of exercise training (e.g., intensity and/or duration).
Dinneno et al. [6] observed an expansion of the femoral arterial lumen diameter in previously sedentary middle-aged and elderly men after a 3-month aerobic exercise intervention (primarily walking). The expansion of arteries seems to relate to structural remodeling or reduced vascular smooth muscular tone and leads to decreasing peripheral arterial stiffness. Moreover, it has been suggested that acute moderateintensity cycling reduces central and peripheral arterial stiffness [7] . With this information as background, the aim of the present study was to test the hypothesis that in middle-aged men, moderate-intensity aerobic exercise training (walking/jogging) reduces not only central arterial stiffness, but also peripheral arterial stiffness.
Methods
Subjects. We studied 17 healthy and sedentary middle-aged men, aged 31-64 years (mean age: 50 ± 3 yr). All subjects were normotensive (<140/90 mmHg), Short Communication nonobese (BMI < 30 kg/m 2 ), and nonsmokers. They were free of medication and of overt chronic heart and lung disease as assessed by medical history, and all gave their written informed consent to participate. All procedures were reviewed and approved by the Human Research Committee of the National Institute of Advanced Industrial Science and Technology (AIST).
Measurements. Training intervention for individuals was done from May to November. All measurements were performed in a quiet air-conditioned room (24-25°C) at the same time of day in the morning before and after the exercise-training intervention. To avoid the effects of acute exercise, the subjects were directed to perform neither training nor other vigorous physical activity on the day before measurements. The subjects also abstained from caffeine and fasted for 12 h overnight before the measurements.
Brachial and ankle blood pressures and heart rate were measured after a supine resting of at least 15 min by a semiautomated device (form PWV/ABI, Colin MT, Komaki, Japan), as previously described [8] . For the measurement of PWV, pressure waveforms at carotid, femoral, and posterior-tibial arteries were simultaneously recorded. Carotid and femoral arterial pressure waveforms were measured by two multielement tonometry sensors manually attached to the left carotid and left femoral arteries. Posterior-tibial arterial pressure waveforms were recorded by a cuff connected to a pletysmographic sensor wrapped around the left ankle. The PWV was calculated from the distance between two arterial recording sites divided by the time delay between the proximal and distal "foot" waveforms, i.e., between the carotid and femoral arteries (aortic PWV) and between the femoral and posterior-tibial arteries (leg PWV).
The common carotid and femoral arterial lumen diameter and compliance, the inverse nature of arterial stiffness, were evaluated, as we previously described [9] . Briefly, the B-mode longitudinal ultrasound images of the right common carotid and the left common femoral arteries were recorded via an ultrasound device with a high-resolution (10 MHz) linear transducer and analyzed with image-analysis software (SonoSite180PLUS; SonoSite Inc., Bothell, WA). The diameters were measured from the intima of the far wall to the media-adventitia of the near wall at 1 to 2 cm proximal to the bifurcation of the right common carotid artery and at 2 to 3 cm proximal to the bifurcation of the left common femoral artery. The carotid and femoral arterial compliance were calculated by use of the equations
2 , where D 1 and D 0 are the maximal and minimum diameters and P 1 and P 0 are the highest and lowest arterial pulse pressure.
The carotid arterial pressure was recorded using an applanation tonometry probe incorporating a highfidelity strain-gauge transducer (SPT-301, Millar Instruments, Houston, TX) on the left common carotid artery, as we previously described [9] . Because the baseline levels of carotid blood pressure are subject to hold-down forces, the pressure signal obtained by tonometry was calibrated by equilibrating the carotid mean arterial and diastolic blood pressures to the brachial mean and diastolic blood pressures measured by an oscilometric device. To calculate femoral artery compliance, we used the blood pressure values obtained at the posterior tibial artery.
To measure the maximal oxygen consumption (VO 2 max ), all subjects underwent an incremental cycle exercise test (after 2 min at 20 W, with 15 W increases every 1 min) until they reached 80-85% of the agepredicted maximal heart rate (208 -age × 0.7). A prediction of VO 2 max was made by the extrapolation of the linear regression line between heart rate and oxygen consumption during cycle exercise and the age-predicted maximum heart rate [10, 11] .
Exercise training intervention. All subjects underwent a supervised orientation and thereafter performed open-air aerobic exercise training (brisk walking/jogging) for 16 weeks. During the first 2 weeks, subjects performed a relatively low-intensity exercise training (60% of heart rate reserve, 30 min/day, 2-3 days/week). Thereafter the exercise intensity as well as the duration of training were increased (75% of heart rate reserve, 45 min/day, 3-4 days/week). Individual heart rate reserve was evaluated by the Karvonen formula. The resting heart rate at the measurement before the training and the age-predicted maximal heart rate were used for resting and maximal heart rate for the heart rate reserve calculation. The intensity of the exercise training was monitored by a Polar heart rate monitor and physical activity logs. The subjects were instructed to perform only scheduled exercise training during the training period. Restriction meals (calorie ingestion) were not carried out throughout the observation. All subjects were able to complete the training (59 sessions).
Statistical analysis. The data were analyzed using two-way (the training and arterial site) ANOVA with repeated measures. In the case of a significant Fvalue, a post hoc test using the Newman-Keuls method identified a significant difference from the value before training. All data are reported as mean ± SE. Statistical significance was set at P < 0.05 for all comparisons.
Results
Body mass and resting heart rate significantly decreased after the training program (both P < 0.05, Table 1). Brachial and carotid arterial pressures did not change significantly (Table 1) . Tibial systolic, diastolic, and mean arterial pressure significantly decreased after the training, but tibial pulse pressure did not change ( Table 1 ). The estimated VO 2 max increased significantly after the training program (P < 0.05). Following the training program, the femoral arterial diastolic lumen diameter significantly increased, but carotid arterial diastolic lumen diameter did not change (Fig.  1 ). An interaction effect of the training and the arterial site was not significant (P = 0.07). Aortic PWV significantly decreased (P < 0.05), but leg PWV did not change (Fig. 1) . Carotid arterial compliance significantly increased, but femoral arterial compliance did not change significantly (Fig. 1) . These interaction effects of the training and the arterial site were statistically significant (both P < 0.05).
Discussion
Primary findings of the present study are as follows. Central arterial stiffness reduced after the exercise training intervention, but peripheral arterial stiffness did not change significantly. There was a significant interaction effect of the exercise training and the arterial site. These results suggest that the stiffness of the peripheral artery is difficult to change in shortterm and moderate-intensity aerobic exercise training, which is able to significantly improve central arterial stiffness in middle-aged healthy men.
High-intensity physical training induces the expansion in peripheral conduit artery [5, 12] . According to the Moen-Korteweg equation [1] , the increased arterial diameter is partly associated with the reduction in arterial stiffness. Indeed, Schmidt-Trucksuss et al. [5] indicated that femoral arterial diameter and compliance in endurance-trained males (e.g., cyclists, middle-or long-distance runners, and triathletes) were significantly larger than those in age-matched sedentary counterparts. A previous interventional study [12] showed that 6 weeks of high-intensity single-legged cycling training (80% of one-legged peak oxygen consumption) induced a significant expansion in the femoral arterial cross-sectional area in the trained leg. Even moderate-intensity aerobic exercise training could increase femoral arterial diameter [6] . Similarly, in the present study femoral arterial diameter expanded significantly after the exercise training, whereas leg PWV and femoral arterial compliance did not change significantly. Therefore, although the expansion of the peripheral conduit artery appears to be induced by even a moderate-intensity exercise training program, it may not lead to a reduction in its stiffness.
It is unclear what physiological mechanisms explain the site specificity of the improvement of arterial stiffness with aerobic exercise training. We can, however, only speculate on the lying mechanism(s). The relative amount of elastin of the fibrous elements of the arterial wall is greater in central elastic arteries than in peripheral muscular arteries, and the age-related histological changes in the arterial wall (i.e., a decrease in elastin and the proliferation of collagen fiber in media), the main factor of arterial stiffening with age, are more rapid in central elastic arteries than in peripheral arteries [1] . Similarly, in previously sedentary middle-aged people, it is plausible that the magnitude of the training-related improvement of central arterial stiffness may be greater than that of the peripheral artery. It was shown that 16 weeks of aerobic exercise training reduced the calcium content of elastin and increased the elastin content in the aortic wall in rats [13] . Such differential effects of aging on central and peripheral arterial stiffness may explain the present results that moderate-intensity exercise training reduces central arterial stiffness, but not peripheral arterial stiffness. Alternatively, the difference in vessel wall distensibility between the central and peripheral arteries may be related to the site specificity of the improvement of arterial stiffness with exercise training. Using cultured endothelial cells in an artificial tube and a servo-controlled perfusion system, Peng et al. [14] demonstrated that an augmentation of endothelial Akt/eNOS phosphorylation at a given pulse pressure and shear stress is greater in a compliant tube than in a stiffer tube, implying that wall compliance (magnitude of cyclic stretch) itself affects the training-induced change in arterial stiffness via mechano-biochemical signaling compromising vasorelaxation. Further studies will be necessary to determine the physiological precise underlying mechanisms.
In summary, we tested the hypothesis that in middle-aged men a short-term aerobic-exercise training (walking/jogging) reduces arterial stiffness in the lower extremities. After the training intervention, PWV significantly decreased in the aorta, but not in the leg.
Arterial compliance significantly increased in the carotid artery, but not in the femoral artery. These interaction effects of the training and the arterial site were significant. The results suggest that the stiffness of the peripheral artery may be difficult to change with aerobic exercise training, which is able to sufficiently decrease central arterial stiffness in middle-aged men.
